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Abstract 

Background: Recently, several studies have been conducted to determine the optimal strategy for intra-operative 
fluid replacement therapy in renal transplantation surgery. Since infusion of sodium bicarbonate as a buffer seems 
to be safer than other buffer compounds (lactate, gluconate, acetate)that indirectly convert into it within the liver, 
We hypothesized tight control of metabolic acidosis by infusion of sodium bicarbonate may improve early 
post-operative renal function in renal transplant recipients. 

Methods: 120 patients were randomly divided into two equal groups. In group A, bicarbonate was infused 
intra-operatively according to Base Excess (BE) measurements to achieve the normal values of BE (-5 to +5 mEq/L). 
In group B, infusion of bicarbonate was allowed only in case of severe metabolic acidosis (BE < -1 5 mEq/L or 
bicarbonate < 1 0 mEq/L or PH < 7.1 5). Minute ventilation was adjusted to keep PaC0 2 within the normal range. 
Primary end-point was sampling of serum creatinine level in first, second, third and seventh post-operative days for 
statistical comparison between groups. Secondary objectives were comparison of cumulative urine volumes in the 
first 24 h of post-operative period and serum BUN levels which were obtained in first, second, third and seventh 
post-operative days. 

Results: In group A, all of consecutive serum creatinine levels were significantly lower in comparison with group B. 
With regard to secondary outcomes, no significant difference between groups was observed. 

Conclusion: Intra-operative tight control of metabolic acidosis by infusion of Sodium Bicarbonate in renal 
transplant recipients may improve early post-operative renal function. 

Keywords: Acid-base disorder, Renal transplantation, Chronic renal failure, Sodium bicarbonate 



Background 

Kidney transplantation is a cardinal method and the 
most cost-effective treatment modality used for the 
patients with chronic renal failure (CRF) [1]. 

Experiments in animals show that premedication 
with Sodium Bicarbonate, before the development of 
ischemic damage in renal tubules, may have renopro- 
tective effects [2,3]. It is obvious that transplanted kid- 
ney is under the risk of ischemic insult (warm and 
cold ischemic period). Furthermore, Infusion of sodium 
bicarbonate solution (8.4%), which is hyperosmolar, 
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can shift intracellular water into interstitial and intra- 
vascular spaces leading to intravascular volume expan- 
sion and induces osmotic diuresis [4-6]. Meanwhile, 
the alkalization of the urine might increase the solubil- 
ity of acidic materials accumulated in CRF patients 
and enhance their excretion through urine [7]. The 
main concern with bicarbonate infusion is C02 reten- 
tion in the body. In other words, every 100 mEq of bi- 
carbonate can produce 2.24 1 of C0 2 in the body. This 
amount equals to an average adult C02 production 
during 10 min of normal activity [8]. The extra load of 
C0 2 can be exhaled by increasing pulmonary minute 
ventilation which could be easily achieved during gen- 
eral anesthesia. 
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During recent years, several studies have been conducted 
to determine the optimal strategy for intra-operative fluid 
replacement therapy in renal transplantation surgery 
[9-11]. Three types of crystalloids have been examined 
for this purpose. 1- Normal saline which is the preferred 
IV fluids for administration during kidney transplant sur- 
gery [12]. Infusion of large-volume of NS during renal 
transplantation can lead to hyperchloremic acidosis. 2- 
Lactated Ringer's solution which contains lactate anion, 
and can be transformed into bicarbonate in the liver; its 
infusion prevents aggravation of metabolic acidosis and 
so, produces less hyperkalemia in comparison with nor- 
mal saline solution. 3- Plasmalyte solution contains acet- 
ate and gluconate which can be converted to bicarbonate 
in the liver. It is obvious that a normal functional liver 
with adequate hepatic blood flow is a prerequisite for this 
buffer effect attributed to the aforementioned balanced 
salt solutions. On the other hand, it has been already 
shown that anesthetic agents might reduce the hepatic 
blood flow [13]. 

Additionally, lactate may be pro-inflammatory by itself 
[14]. Also, lactated Ringer's solution has been reported 
to induce hypercoagulable state [10,15]. 

With regard to the above-mentioned facts and rela- 
tively safe profile of Sodium bicarbonate, and lack of a 
clinical trial in literature which deals with acid-base bal- 
ance during a renal transplant surgery we designed this 
study based on the following hypothesis: The adjustment 
of metabolic acidosis with infusion of Sodium bicarbon- 
ate, even before the implantation of the kidney may re- 
duce the work-load of ischemic donor's kidney and as a 
result, may improve the early outcome of the trans- 
planted kidney. 

Methods 

After receiving the approval of the ethics committee 
of Research Deputy of our University, a written 
informed consent was obtained from all eligible 
patients who were candidate for living-donor renal 
transplantation. After study registration at IRCT web- 
site as: "IRCT138902163829N2",this prospective study 
was conducted on 120 patients with American Society of 
Anesthesiologists (ASA) class 3 and 4 who underwent 
renal transplantation from August 2010 to August 2011 
in urology and transplantation operating room of Sina 
Hospital in which about 8-12 kidney transplantations are 
being done monthly. The randomization was performed 
by using a computer generated table of random num- 
bers. The inclusion criteria are patients of any age who 
are candidate for elective kidney transplantation. The ex- 
clusion criteria were severe congestive heart failure (EF < 
35%), recent use of acetazolamide (during the past 
24 h), detection of serum potassium level higher than 
6 mEq/L and lower than 2.9 mEq/L, and serum sodium 



level higher than 155 mEq/L. Occurrence of severe 
hypotension (SBP < 90 mmHg) indicates either more 
rapid fluid replacement than the protocol of the study or 
need for catecholamine infusion due to uncontrolled 
surgical bleeding. Therefore, it was another exclusion 
criterion of this study. 

Patients, anesthesiologists and other anesthesia team 
members, who were responsible for postoperative evalu- 
ation of primary and secondary outcomes, were blinded 
to intra-operative interventions. All recipients had been 
undergoing hemodialysis the day before surgery. Stand- 
ard monitoring according to the recommendations of 
ASA was used. For all patients radial arterial cannula 
was inserted before the induction of anesthesia in order 
to monitor blood pressure and obtain blood samples. 
Central venous catheter was inserted in the right in- 
ternal jugular vein after induction of anesthesia for infu- 
sion of crystalloids and Sodium Bicarbonate and central 
venous pressure (CVP) monitoring in the patients. 

General anesthesia was induced with a combination of 
IV midazolam (0.05 mg/kg), fentanyl (2 ug /kg) and so- 
dium thiopental (4 mg/kg). Anesthesia was maintained 
using isoflurane in an air/oxygen mixture and the bolus 
injection of fentanyl (2 ug/kg) every hour; muscle relax- 
ation was achieved by use of IV injection of atracurium 
(0.2 mg/kg every 20 min). 

Intra-operative fluid replacement therapy was per- 
formed according to the following protocol: Every pa- 
tient received 20-25 ml/kg/h of only NS titrated 
continuously during the anesthesia, while CVP was kept 
betweenlO-15 cm H20. All eligible patients were rando- 
mized into two groups, each of them consisting of 60 
cases; the intervention group of patients (group A) was 
scheduled to receive sodium bicarbonate infusion (8.4%) 
for tight control of metabolic acidosis according to Base 
Excess (BE) measurements, which were determined by 
an arterial blood gas analyzer (Gem primer 3000, Instru- 
mentation laboratory, USA) from the commencement of 
anesthesia. The first arterial blood sample was obtained 
via arterial cannula just after induction of anesthesia and 
then, every 30 min up to the end of operation. 

In the case of BE lower than-5 mEq/L, the clinician 
was permitted to start sodium bicarbonate infusion to 
keep the BE values in normal range (between +5 mEq/L 
to-5 mEq/L) [8,16,17]. Accordingly, if the BE value was 
below-5 mEq/L, the total deficit of bicarbonate was cal- 
culated with respect to the volume of distribution of so- 
dium bicarbonate (30% of body weight), and half of the 
total deficit was infused through the central venous 
catheter during 15 min in the group A [8]. 

In the control group (group B), the infusion of so- 
dium bicarbonate was allowed only in case of severe 
metabolic acidosis (BE<-15 mEq/L or serum bicarbon- 
ate level < 10 mEq/L or PH < 7.15). 
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Blood products were administered, when clinically 
indicated based on ASA recommendations. Every unpre- 
dicted complication occurring during anesthesia was 
treated by the clinician caring for the patients. 

The patients were ventilated on continuous mandatory 
ventilation (CMV) mode according to this initial setting: 
RR = 10, TV = 10 cc /kg, I/E ratio = 1/2. 

The ventilator setting (RR or TV) was adjusted every 
30 min (after observing ABG result) by the clinician re- 
sponsible for patients' care to keep the PaCC>2 between 
35 to 40 mmHg. Perioperative immunosuppressive ther- 
apies were administered to all patients according to our 
institutional protocol: 

1. Mycophenolate mofetil (Cell Cept): 1-2 g 

2. Cyclosporine (Neoral): 6.5-7 mg/kg 

3. Prednisolone: 2 mg/kg 

All of the transplantation surgeries were performed 
by the same surgical team including an urologist and 
a vascular surgeon. All of the donors received 0.25gr/ 
kg of mannitol infusion just before procurement of 
the left kidney via an open approach. The donor 
kidneys were flushed with lactated Ringer's solution 
before being transferred to the operating room. After- 
wards, the kidneys were implanted in the right or left 
retroperitoneal space of the recipients. All the recipi- 
ents received 5,000 units of heparin intravenously 
(three minutes before performing the clamp). All 
patients received 5 mg/kg of furosemide just after de- 
clamping of the implanted kidney as a routine inter- 
vention. The mean arterial pressure (MAP) of the 
patients was recorded just before and 15 min after 
the injection of furosemide. Postoperative IV fluid 
therapy was the same for all of the patients as the 
following protocol: Urine output was replaced (one 
milliliter for one milliliter) with an IV infusion of 
dextrose 5%/0.45% Na CI plus 20 mEq/L of Sodium 
Bicarbonate. 

Our primary endpoint was to evaluate the effects of 
metabolic acidosis tight control while maintaining the 
normal intraoperative PaC0 2 on the postoperative 
early renal function through four consecutive sam- 
pling of the serum creatinine levels, which were mea- 
sured on first, second, third and seventh postoperative 
days. As the secondary objective, the effect of intra- 
operative bicarbonate infusion on the urine volume 
and serum BUN level in the early postoperative period 
was evaluated. Serum BUN concentration levels were 
measured in the first, second, third, and seventh days 
of the postoperative period. Cumulative urine volumes 
in the recovery room and during the first six and 
twenty four hours after the surgery were recorded as 
well. 



Statistical analysis 

Data are presented as means ± SD for continuous vari- 
ables and as percentages for categorical variables. A 
sample size of 60 in each group was calculated to have 
at least 80% power to detect the expected difference be- 
tween treatment protocols with respect to the primary 
goal. A 0.7 mg/dl difference in the mean serum creatin- 
ine level was noted to be significant. All data were tested 
for normality using method of Kolmogorov-Smirnov. 
Sphericity assumption was checked by Mauchly test be- 
fore comparisons. Different variants of multiple mea- 
surements were separately analyzed using GLM repeated 
measurement analysis. A p value less than 5% was con- 
sidered significant. All the laboratory measurements 
were analyzed at the central laboratory of Sina Univer- 
sity Hospital. 

Results 

One hundred twenty patients were randomized into two 
equal groups. Demographic characteristics and pre- 
operative variables were comparable in the two groups 
(Table 1). In the intra-operative period, three patients in 
group A were excluded from the study because of severe 
surgical bleeding and life threatening hypotension. This 
event occurred for two of the patients in the group B. 
The follow up could not be indicated in three other 
patients of group A because of two biopsy proven acute 
rejections and one Doppler sonography proven graft 
thrombosis. Meanwhile, three cases of graft thrombosis 
and one case of acute rejection were also observed in 
group B. At last, data from fifty four patients in each 



Table 1 Comparison of demographic and preoperative 
variables of both groups 



Variable 


Group A 


Group B 




Mean±SD 


Mean±SD 


Sex Male 


36 (66%) 


33 (61%) 


Female 


1 8 (34%) 


21 (39%) 


Age (yrs.) 


42 + 15 


44+15 


Weight (kg) 


65.6 ±13.2 


66.3 ± 20.6 


Dialysis before surgery (h) 


23±4 


23 ±3 


Baseline Hgb (g/dl) 


11.9±3.1 


10.1 ±1.9 


Baseline Albumin (mg/dl) 


3.9 ±0.3 


4.1 ±0.2 


Baseline MAP in operating room (mmHg) 


1 1 0 ± 1 4 


114±13 


Baseline PH 


7.35 ±0.04 


7.34 ±0.07 


Baseline BE (mEq/L) 


-4.4 ±0.2 


-4.6 ±0.3 


Baseline PaC02 (mmHg) 


35 ±1.5 


34+1.6 


Baseline Cr (mg/dl) 


5.1 ±1.3 


5.1 ±1.2 


Baseline BUN (mg/dl) 


90.0 ±32.4 


92.1 ±33.1 



[Data are reported as mean ± SD] Hgb = hemoglobin, BP = blood pressure, 
mEq/L = milli equivalent per litre, MAP = mean arterial pressure, BE = base 
excess, Cr = creatinine, Pa C02 = arterial pressure of C02 gas, BUN = blood 
urea nitrogen. 
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group were gathered and underwent statistical analysis. 
Flowchart of the study progress is depicted in Figure 1. 

All patients received similar volumes of NS as fluid re- 
placement therapy during the surgery (5.54 ± 0. 51 
vs. 5.70 ± 0.67 lit) and no patient received colloid or 
blood products throughout the transplantation. No sig- 
nificant difference exists regarding to the duration of 
surgery between the groups. Mean amount of bicarbon- 
ate infused during the surgery was 87.4 ± 50.7 mEqin 
group A. Since, mean change of BE during the surgery 
was -6 ± 2.7 mEq/Lin group B, there was no indication 
for sodium bicarbonate infusion in this group. Duration 
of warm and cold ischemia and the mean amount of 
bleeding were similar among the groups. Mean of PH 
values at the end of surgery was 7.39 ± 0.05in group A 
and it was 7.20 ± 0.03in the group B while, the mean of 
multiple PH measurements throughout the operation 
was 7.38 ± 0.04 in group A and it was 7.21 ± 0.05 in 
group B. In addition, mean of BE at the end of surgery 
in the group A was -1.6 ±1.3 and it was -10.6±2.9in 
the group B. MAP of the patients decreased 15 min after 
furosemide injection in both groups, but this decline 
was temporary and self-limited (Table 2). 

We observed significantly lower serum creatinine level 
in the group A in comparison with the group B through- 
out the days of follow up (p = 0.001) (Table 3). 

The cumulative urine volumes gathered in the first 
24 h of our study in both groups were not significantly 
different (p = 0.075) (Table 3). 

Serum BUN levels were measured four times through- 
out the study and in all of them, lower BUN levels were 
observed in the group A, but the difference was not sta- 
tistically significant(p = 0.74) (Table 3). 



Table 2 Comparison of intra-operative variables between 
groups 



Variable 


Group A 


Group B 




Mean ± SD 


Mean ± SD 


Time of surgery (min) 


222 ±30 


227 + 31 


Amount of sodium bicsrbonate 
infused (mEq) 


87 + 50 


0 


Extent of BE change during 
operation (mEq/L) 




-6 ±2.7 


Amount of NS infused during surgery (lit) 


5.5 ±0.5 


5.7 ±0.6 


Time of co d ischemia (min) 


3.9 ±2 


4.01 ±2 


Time of warm ischemia (min) 


1 8.3 ± 1.9 


18.1 ±2.1 


Blood loss (ml) 


294.2 + 1 12.8 


291.1 ±103.9 


MAP of patients before furosemide 
injection 


138 ±24 


119 + 32 


MAP of patients 1 5 min after 
furosemide injection 


122+15 


109+18 


Mean of multiple PH values 
throughout operation 


7.38 ±0.04 


7.21 ±0.05 


Mean of PH value at the end of surgery 


7.39 ±0.05 


7.20 ±0.03 


BE at the end of surgery(mEq/L) 


-1.6 ±1.3 


-10.6 ±2.9 



[Data are reported as mean ± SD] BE = base excess, NS = normal saline, MAP - 
mean arterial pressure, mEq/L = milli equivalent per litre. 



Discussion 

According to meticulous literature search, this study is 
the first one which evaluates effects of intra-operative 
metabolic acidosis tight control on early renal function 
after a kidney transplantation surgery. 

The development of hyperchloremic metabolic acid- 
osis during intra-operative period is a well-recognized 
complication attributed to infusion of large volumes of 



Flow diagram of subject progress through the phases of RCT 



Assessed for eligibility (n= 132) 



Excluded (n = 12): 

• Excluded according to preoperative exclusion 
criteria (n =7) 

• Refused to participate (naS) 



Randomized (n= 120) 



Allocation 



Allocated to receive tight control acidosis (n =40): 

Received allocated intervention (n = 57 ) 

Did not receive allocated intervention (severe hypotension 
and acidosis due to uncontrolled surgical bleeding) (n s 3) 



follow-up 



Allocated to receive non tight control acidosis (n = AO): 

Received allocated intervention (n s S8) 

Did not receive allocated intervention (severe hypotension 
and acidosis due to uncontrolled surgical blccdin- )(■ -2 ) 



Lost to folio* hjp (.2 acute rejection, 1 graft thrombosis ) (n = 3 ) 



Lost to follow-up (1 acute rejection, 3 -t tit thrombosis ) 
(" = *) 



Analysis 



Analysed (ns54) 

Excluded from analysis (nsO) 



Analysed (ns 54) 

Excluded from analysis (a sO) 



Figure 1 Flow diagram of subject progress through the phase of RCT 
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Table 3 Comparison of primary and secondary outcomes 
between groups 



IVICCIaUl CI 1 Id 113 


^rniin A 
\jiuuu n 


UIUUU o 


P Value 




Moan 4- 
ivical I _!_ ju 


Maan + CH 
IVICal 1 — JLf 




rino won mo in Rorrn/Q^/ im 1 
Uliric VUlUIIlc IN nfcrLUVfriy 


o i z nr. tyz 


377 ± 384 


p — o 


Tota Urine volume in 6 h (ml) 


3696 ±2401 


1 578 ± 1422 




Total Urine volume in 24 h (ml) 


11 279 ±3937 


9960 ±571 8 




Cr (mg/dl) 1 st day 


3.2 ±0.8 


3.5 ±1.3 


P = 0.001 


Cr (mg/dl) 2 nd day 


1.7 ±0.6 


2.7 ±1.2 




Cr (mg/dl) 3 rd day 


1 .5 ± 0.5 


2.5 ±0.9 




Cr (mg/dl) 7 th day 


1.4 ±0.3 


2.2 ±0.8 




BUN(mg/dl) 1 st day 


67.6 ±21 


79.2 ±40 


P = 0.74 


BUN(mg/dl) 2 nd day 


56.4 ±24.8 


76.2 ±48.7 




BUN(mg/dl) 3 rd day 


55.51 ±30.3 


81.11 ±51.9 





[Data are reported as mean ± SD] Cr = creatinine, BUN = blood urea nitrogen. 



NS solution [18,19]. It is worthwhile to mention that 
other types of anions (sulfate, phosphate, formate, etc.) 
have usually accumulated in CRF patients, but crystal- 
loid replacement therapy doesn't change their plasma 
levels except some dilution that may ensue, and also 
they have a minor role in acid-base balance in compari- 
son to such an abundant and strong anion like chloride. 
On the other hand, infusion of large volumes of crystal- 
loids is a crucial strategy during a renal transplantation 
surgery [20]. Therefore, occurrence of hyperchloremic 
acidosis is unavoidable in these cases. With respect to 
normal range of serum chloride level (102-106 mEq/L) 
and the mean amount of NS solution infused (Table 2), 
every patient in this study received approximately 
250 mEq extra load of chloride, which distributes 
throughout the extracellular fluid compartment [8]. Ac- 
cordingly, after final equilibrium, serum chloride level is 
anticipated to raise about 10 mEq/L .According to 
Stewart-Fencl approach, 10 mEq/L of chloride excess 
results in 10 mEq/L decrease in Strong Ion Difference 
(SID) [16,17]. Consequently, such a decline in SID, 
reduces 10 mEq/L of the BE value measured by the ABG 
analyzer [16,17,21]. On the other hand, infusion of about 
51 of NS during the surgery leads to 25% dilution of 
serum albumin concentration which is the main part of 
serum "A total"(an independent variable which includes 
sum of negative charges of weak anions such as phos- 
phate and albumin). Hence, about +3 mEq/L increment 
in BE value takes place [16,17]. 

Thus, an acidifying force of about- 10 mEq/L (hyper- 
chloremia) faces an alkalinizing force of about +3 mEq/L 
(hypoalbuminemia).The final effect would be about- 
7 mEq/L of acidifying force. It must be mentioned that 
there are a few papers in the current literature which 
deal with the issue of optimal crystalloid therapy in a 
renal transplant surgery [9-11,22-26]. 



The effects of large-volume infusion of NS versus lac- 
tated Ringer's solution were compared by O'Malley 
et al. in renal transplant patients [9]. They stated that 
lactated Ringer's solution may be as safe as NS. They 
incidentally found (through an intra-group analysis in 
NS group) a significantly higher urine volume and 
lower serum creatinine level in eight patients who were 
treated with bicarbonate to adjust metabolic acidosis. 
Accordingly, they suggested that metabolic acidosis was 
the probable reason of such a negative impact on renal 
functions in those patients who were not treated for 
acidosis. As they stated in their article, they did not de- 
fine an algorithm for treatment of metabolic acidosis. 
So, to avoid the mentioned shortcoming, we designed a 
definite algorithm for treatment of metabolic acidosis 
in those who underwent a large volume infusion of NS. 
Surprisingly, our results support their findings regard- 
ing to beneficial effects of the metabolic acidosis con- 
trol on a renal function. Several investigators have 
already suggested that hyperchloremia by itself may be 
the cause of such a detrimental effect on a renal func- 
tion [22-24]. It must be pointed out that we normalized 
metabolic acidosis without enhancing excretion of extra 
load of chloride ion. Despite it, better early renal func- 
tion tests were achieved. This finding may reveal that 
acidosis on its own, and not the chloride ion excess by 
itself is the cause of harmful effects on a renal 
function. 

Hadimioglu et al. observed significantly larger urine 
output in NS group in comparison with lactated Ringer's 
and Plasmalyte solution groups in spite of significantly 
progressive rise of serum chloride level observed in the 
NS group [11]. However, they didn't find any significant 
difference between groups in terms of the renal function 
tests after the surgery. Their findings may support our 
concept that hyperchloremia on its own may be an inno- 
cent factor. Recently, Modi MP et al. through a letter to 
the editor stated that lactated Ringer's solution is as safe 
as NS in a renal transplant surgery [25]. Othman et al. 
have a different view point; they investigated on rapidity 
of fluid replacement therapy instead of the type of fluid 
which is used. They suggested that maintaining a given 
CVP in the renal transplant patients as a target by 
adjusting NS infusion rate, is superior to constant con- 
tinuous infusion of NS in terms of an early post- 
operative renal function [26]. Another point that must 
be clarified is a probable negative impact of vasodilation 
and resulting hypotension induced by Lasix on the renal 
perfusion. Our results show a little reduction in MAP of 
both groups which seems clinically unimportant. The 
reason may be that vessels have been already dilated by 
anesthetic drugs in patients under general anesthesia, so 
minimal vasodilation is anticipated in these patients. In 
addition, equal amount of Lasix is injected to both 
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groups, thus, it could not be regarded as a confounding 
factor in this study. 

Our study may be subject to a number of limitations. 
1-Only living donor transplantations were enrolled in 
this study. Thus, our results are merely applicable to 
this group of patients. 2- The other criticism is that a 
traditional marker (consecutive serum creatinine levels) 
was used as an indicator of an early renal function 
[27]. Because of logistical reasons, we could not use 
novel biomarkers of kidney injury like (32 Microglobu- 
lin, a- GluthationeS -transferase, etc. for this purpose. 
Although, the superiority of novel biomarkers over 
traditional ones is still unproven, use of novel biomar- 
kers especially those which are specific for evaluation 
of ischemic renal insult may be advantageous in the 
transplanted kidney that is under such a risk. 

Conclusion 

Intraoperative metabolic acidosis tight control by using 
Sodium bicarbonate infusion, while keeping PaC02 level 
in normal range, may be an advantageous strategy to en- 
hance the early postoperative kidney function in a renal 
transplant surgery. 
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